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(54) Diffusing, depixelating or projection screen and contrast enhancing means 



(57) In the manufacture of a screen suitable for use 
as a rear projection screen, a first layer (10) of a pho- 
topolymerisable monomer or oligomer which is tacky in 
its monomeric or oligomeric form and non-tacky in its 
polymerised form, is exposed to polymerising light, such 
as ultra-vioiet light, in a pattern comprising an array of 
spots of such light, and consequent selective polymeri- 
sation is allowed to take place in the first layer (10). 
There is then applied to the exposed surface of the first 
layer (10) a printing medium comprising an opaque pig- 



ment layer (28) on a supporting substrate (30) so that 
the pigment layer (28) contacts the exposed surface of 
the first layer (10) and sticks to the unpolymerised and 
therefore still tacky regions of the first layer (10), but not 
to the polymerised regions. The substrate (30) carrying 
the pigment layer (28) is then stripped from the first layer 
(10), leaving pigment (28) adhering only to the unpoly- 
merised regions. The adhering pigment (28) may form 
a contrast enhancing mask over the regions intermedi- 
ate the exposed spots of photopolymer, which form mi- 
crolenses. 
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Description 

THIS INVENTION relates to screens for diffusing, 
depixelating or projection screens and to means for en- 
hancing contrast in image display devices, including s 
projection screens, such as rear projection screens, as 
well as c.r.t. displays, LCD displays and the like. 

In one of its aspects, the invention relates to the 
manufacture of a screen, for example a diffusing or de- 
pixelating screen, which is formed by selective polym- 
erisation of a light-transmitting photo-polymerisable 
monomer by exposing the monomer to a pattern of illu- 
mination with localised variations in intensity of illumi- 
nation. Such a screen is hereinafter referred to as being 
"as herein defined". Such a screen may, for example, 
bear an array of microlenses, formed by exposing such 
a monomer to a polymerising light pattern comprising a 
corresponding array of spots of light. 

Where a screen comprising an array of microlenses 
is used as a projection screen, the contrast in the per- 
ceived image is improved by providing an opaque, pref- 
erably black, matrix between the individual lenses. It is 
an object of the present invention to provide an im- 
proved method of forming such a matrix in manufacture 
of a photopolymer screen incorporating an array of grad- 
ed refractive index lenses. 

According to one aspect of the invention there is 
provided a method of forming a microlens screen, as 
herein defined, having improved surface relief charac- 
teristics, comprising the steps of> 

(a) providing a first layer of a photopolymerisable 
monomer which is tacky in its monomeric form and 
non-tacky in its polymerised form, 

(b) exposing said first layer to polymerising light in 
a pattern with localised variation in intensity of illu- 
mination and allowing consequent selective polym- 
erisation of said first layer, 

(c) applying to an exposed surface of said first layer 
a printing medium comprising an opaque pigment 
layer on a supporting stratum so that said pigment 
layer is brought into direct contact with said ex- 
posed surface of said first layer, and adheres to the 
unpolymerised and therefore still tacky regions of 
said first layer, the pigment layer having minimal 
tensile strength and being only weakly bonded to 
said supporting stratum, the supporting stratum be- 
ing thereafter pulled away from the said first layer 
leaving the pigment still adhering to said tacky re- 
gions but carrying with said supporting stratum the 
pigment previously contacting the non-tacky pho- 
topolymerised regions. 

WO91/18304, incorporated herein by reference, 
discloses a technique for forming a microlens screen in 
which microlenses are formed by selective exposure of 
a photopolymerisable monomer to a pattern of dots or 
spots of light, such exposure being in ultra-violet light or 



suitable visible light and in which one surface of the 
monomer is unconstrained, being exposed to the at- 
mosphere during exposure and consequent polymeri- 
sation of the material, (instead, for example, of being 
covered by a protective plastics sheet in intimate contact 
with such surface). Under these conditions, each area 
of the monomer exposed to a respective spot of light, in 
polymerising selectivity, forms a respective graded re- 
fractive index and the exposed surface of the respective 
area forms a part-spherical or quasi-spherical bulge or 
dome which enhances the effect of the localised refrac- 
tive index gradation. 

It is another object of the present invention to pro- 
vide a method of manufacturing a microlens screen as 
herein defined having an enhanced surface relief char- 
acteristic. 

Thus, in a preferred embodiment of the first-noted 
aspect of the invention, after said supporting stratum 
has been pulled away from said first layer, there is sub- 
sequently applied to the surface of the first layer, thus 
printed with said pigment, a second layer of said pho- 
topolymerisable monomer, the surface of said second 
layer remote from said first layer being left uncon- 
strained, and said second layer is exposed to polymer- 
ising radiation through said first layer and thus through 
the printed pigment pattern now located between said 
second monomer layer and said first layer, whereby said 
pigment pattern acts as an optical printing mask with re- 
spect to said second layer. As a result said second layer 
is selectively polymerised and the exposed surface of 
said second layer caused to adopt a corresponding sur- 
face pattern or configuration. 

In a variant of the invention, in a yet further aspect, 
a first layer of a photopolymerisable monomer may be 
printed with the desired mask pattern by any means pri- 
or to polymerisation of said first layer, and the first layer 
subjected to light exposure through the layer of printing 
pigment to start polymerisation of the first layer, follow- 
ing which a second layer of photopolymerisable mono- 
mer is applied to the printed side of the first layer and 
subsequently the second layer exposed through said 
first layer and said printing layer. 

An alternative means is provided, in accordance 
with a further aspect of the invention, for producing a 
projection screen affording enhanced contrast. 

According to this aspect of the invention, there is 
provided a light-transmitting photopolymerisable mate- 
rial incorporating a light-filtering dye or dye mixture. 

Advantageously, the dye (or mixture of dyes) may 
be neutral in colour, that is to say, the effect of the dye 
is merely to attenuate the light passing through the ma- 
terial without preference to any particular colour or 
range of colours. 

According to another aspect of the invention, there 
is provided a screen which is formed by selective po- 
lymerisation of a light-transmitting photopolymerisable 
monomer incorporating such a dye, by exposing the 
monomer to a pattern of illumination with localised var- 
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iations in intensity of illumination, to produce corre- 
sponding localised variations in the degree of polymer- 
isation and hence to produce corresponding variations 
in refractive index and/or localised variations in thick- 
ness of the sheet or in relief height of one or both sur- 
faces of the sheet. 

The screens in accordance with the invention may 
be used, for example, as rear projection screens, or as 
depixelating or diffusion screens intended to be placed 
in front of an LCD display or screen or a CRT screen for 
depixelating purposes, for example. 

It is a further object of the invention to provide an 
improved means of increasing the contrast in the image 
displayed by display devices, particularly such devices 
as are normally viewed under relatively high levels of 
ambient lighting, such as display devices utilising rear 
projection screens, c.r.t. display devices, such as tele- 
vision tubes, VDUs, back-lit LCD displays and so on. 

It is a known disadvantage, in such devices, that 
ambient light reflected from portions of the display 
screen which are at the relevant instant intended to be 
displaying a dark part of the respective image reduces 
the ratio of the perceived brightness of the bright parts 
of the image to the perceived brightness of the dark 
parts of the image, that is to say reduces the contrast in 
the perceived image. Thus the ambient light reflected or 
scattered from the screen tends to wash out both the 
tonal contrast and the colour of the image. Techniques 
known for combatting this contrast-reducing effect in- 
clude light-transmitting sheets orfilms incorporating pig- 
ments or dyes (ideally neutral-density dyes) in front of 
the image screen. Whilst this technique also reduces the 
light reaching the viewer from the bright parts of the im- 
age, the pigments or dyes reduce the ambient light fall- 
ing on the image screen and the reduced reflected light 
is further reduced in the same ratio as that from the 
bright parts of the image, in passing out to the viewer. 
Other techniques used include blackening any parts of 
the image screen which make no contribution to the 
viewed image, such as the spaces between phosphor 
dots in a colour TV. tube, or the inter-pixel spaces in a 
pixelated LCD display. 

It is a yet further object of the present invention to 
provide an improved means of combatting contrast-re- 
duction in displays of the character referred to, for ex- 
ample to provide an improved screen for this purpose, 
to be placed in front of a rear projection screen or other 
image display screen. 

According to a yet further aspect of the invention, 
therefore, there is provided a method of imparting con- 
trast enhancement properties to a transparent or trans- 
lucent substrate, comprising the steps of 

(a) providing a transfer medium; 

(b) producing a contrast-enhancing pattern on a 
face of said transfer medium; 

(c) contacting said contrast-enhancing pattern with 
a transparent or translucent substrate, and 
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(d) transferring said contrast-enhancing pattern to 
said transparent or translucent substrate. 

According to another aspect of the invention, there 
5 is provided a transparent or translucent substrate hav- 
ing a contrast enhancing pattern on at least one face 
thereof, said contrast enhancing pattern formed from fu- 
sible plastics incorporating a pigment, said plastics be- 
ing adhered to said face of the substrate. 
io An embodiment of the invention is described below, 
by way of example, with reference to the accompanying 
drawings, in which:- 

FIGURE 1 is a fragmentary perspective view illus- 
75 trating an arrangement for selective exposure of a 
layer of photopolymerisable material, in the first 
stages of a method in accordance with the inven- 
tion, 

20 FIGURE 2 is a schematic view in vertical section of 
the arrangement of Figure 1 , 

FIGURE 3 is a schematic view similar to Figure 2 
but illustrating the condition after selective expo- 
25 sure, 

FIGURES 4 to 7 are schematic sectional view sim- 
ilar to Figure 3 but illustrating subsequent steps in 
the method, 

30 

FIGURE 8 is a schematic sectional view of a frag- 
ment of an optical mask, 

FIGURE 9 is a schematic sectional view of a trans- 
35 fer paper printed with electrophotographic toner, 

FIGURE 10 is a schematic sectional view illustrat- 
ing the application of the transfer paper to a sub- 
strate, and 

40 

FIGURE 11 is a schematic sectional view illustrating 
the removal of the transfer paper from the substrate 
leaving the toner adhered to the substrate. 

45 in one embodiment of the present invention, de- 
scribed below, a photopolymer is used which may be 
that supplied by Du Pont under the Registered Trade 
Mark OMNIDEX and having the type designation 
HRF150 or HRF600. The monomer in the HRF series 

50 photopolymers is fluorescent N -vinyl -carbazole (NVC) 
dispersed in a plasticized polyvinyl acetate (PVAC), cel- 
lulose acetate butyrate (CAB) or polyvinyl butyrate 
(PVB) as the polymeric binder. The material may be in- 
itiated either by photoinitiators or by a photosensitizing 

55 dye/initiator combination. 

The OMNIDEX materials are available in sheet 
form, comprising a layer of the monomer on a polyester 
film base (MYLAR) the layer being entirely covered with 
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a polyester (MYLAR) film. Referring to the drawings, in 
the preferred embodiment of the invention, a layer 10 of 
a photopolymerisable monomer on a transparent poly- 
ester film base 12 is exposed to ultraviolet light through 
a photographic contact printing screen, indicated at 14, 
comprising a pattern of light-transmitting patches or "ap- 
ertures" 16 in an opaque background 18. The contact 
printing screen may comprise, for example, an array of 
circular apertures in an otherwise opaque layer or may 
comprise a random or pseudo-random array of regular 
or irregular light transmitting patches or apertures, de- 
pending upon the desired nature of the resulting pho- 
topolymer screen. The monomer layer 10 and base 12 
may be provided by the OMNIDEX material referred to 
above. Whilst, in principle, the photographic contact 
printing could be effected through the upper MYLAR film 
of the OMNIDEX material, where, as is preferred, the 
dimensions and separation of the printing screen "aper- 
tures'' 1 6 are comparable with the thickness of the upper 
polyester film (not shown), it is necessary to strip the 
upper polyester film from the monomer and to contact 
the exposed monomer surface directly with the printing 
screen, as illustrated in Figure 1 . The printing screen 14 
may, for example, as illustrated in Figure 8, comprise a 
thin layer 20 of chromium upon a glass substrate 22, 
with the chromium 20 being etched away in the regions 
of the screen "apertures" 16. 

After the polymerisation resulting from this first ex- 
posure, the contact printing screen 14 is stripped from 
the photopolymer layer 10 (see Figure 3). As a result of 
the selective polymerisation of the monomer in the re- 
gions (indicated at 24 in Figures 3 to 6) which have been 
exposed to UV light, the material in these regions be- 
comes relatively non-tacky. The monomer in its unex- 
posed state has the form of a solid layer which is, nev- 
ertheless, intrinsically tacky. In the regions of the mon- 
omer layer where the latter has not been exposed to UV 
light, it remains tacky. A further result of such selective 
polymerisation is, of course, that an array of microlenses 
is formed in the photopolymer layer, in the manner de- 
scribed in WO91/18304. 

Referring to Figure 4, there is now applied to the 
surface of the monomer/photopolymer layer 10 a print- 
ing medium comprising an opaque pigment layer 28 
(preferably a black pigment layer) on a flexible support- 
ing stratum 30 (e.g. of MYLAR film) so that the pigment 
layer 28 is brought into direct contact with the surface 
of the monomer/polymer layer 10 and adheres to the 
unpolymerised and therefore still tacky regions of the 
material 10. The pigment layer 28 has minimal tensile 
strength and is only weakly bonded to the supporting 
MYLAR stratum 30 so that when the supporting stratum 
is thereafter pulled away, as illustrated in Figure 5, from 
the monomer/photopolymer layer 10, the pigment is left 
adhering to the tacky regions of the photopolymer/mon- 
omer layer 10 but is pulled away, with the supporting 
stratum 30, from the polymerised regions. As a result, 
there is left adhering to the surface of the monomer/pho- 



topolymer a replica of the contact printing screen 14 
through which the monomer layer 10 was initially ex- 
posed to UV light. A suitable material for the medium 
comprising the pigment layer on its supporting stratum 
5 is that supplied under the Trade Mark CROMALIN by 
Du Pont. 

In the next step of the process, the protective upper 
MYLAR film is stripped from a further sheet of the OM- 
NIDEX monomer layer/MYLAR sandwich product and 
to the thus-exposed surface of the second monomer layer 
1 0' is pressed onto the pigment-patterned surface of the 
previously exposed photopolymer/monomer layer 10. 
This stage is illustrated in Figure 6 in which the further 
sheet is inverted so that the substrate 12' is uppermost. 
is The unexposed monomer 101 adheres well to the cor- 
responding polymer 24 exposed in the "apertures" in the 
pigment 28 "mask" so that it is possible thereafter to strip 
the MYLAR backing film 12' from the second monomer 
layer 10'. The second monomer layer 10' is then ex- 
20 posed to ultraviolet light through the first monomer/pol- 
ymer layer 1 0 and through the CROMALIN mask there- 
by (a) giving the first layer 10 a blanketing exposure 
which polymerises the material in the first layer 1 0 which 
until then was unpolymerised and (b) selectively expos- 
25 ing the material in the second layer 10' through the ap- 
ertures in the pigment "mask". As a result, the material 
in the regions, thus exposed to light, of the second layer 
10\ commences polymerisation, with consequent mi- 
gration of molecules into the regions undergoing polym- 
30 erisation from the surrounding regions, with the result 
that, in the second layer, a respective pronounced dome 
or protuberance 34 is formed, on the surface remote 
from the pigment layer, over each aperture in the pig- 
ment mask as illustrated in Figure 7. The last-noted sur- 
35 face is free to adopt this configuration because it is un- 
restrained by any MYLAR film, for example. 

Finally, the product is given a blanketing exposure 
to ultraviolet light from the opposite side of the product, 
i.e. from the contoured side. Because of the strong 
40 bonding which occurs between the portions of the two 
superimposed layers 10, 10' in the areas of the aper- 
tures in the pigment layer, the resulting product has a 
high integrity. The pigment layer serves to prevent un- 
wanted light passing through the resulting screen oth- 
45 erwise than through the selectively polymerised re- 
gions. There is thus formed a microlens screen compris- 
ing an array of microlenses, (owing their optical effect 
partly to refractive index gradations and partially to sur- 
face configuration, with the regions between microlens- 
so es being black and opaque to light). Such a screen is of 
particularly utility as a rear-projection screen, as the 
possibility of spurious reflection of light from and trans- 
mission of light through the regions between the lenses 
and which is not derived from the image source is much 
55 reduced and thus contrast is increased. 

As indicated above, in another embodiment of the 
invention, (not illustrated) a neutral-coloured dye or mix- 
ture of dyes is incorporated in a light-diffusing (e.g. rear- 
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projection) screen. 

European Patent No. EP0294122, incorporated 
herein by reference, discloses a technique for forming 
a microlens screen in which the graded refractive index 
lenses are formed by selective exposure of a sheet of 
photopolymerisable monomer to a pattern of dots, to 
form a corresponding array of microlenses and in which 
microlenses are in the form of graded refractive index 
lenses. Thus, the microlens screen comprises an inte- 
gral sheet of transparent photopolymer with each of the 
lenses being formed by a respective region of the sheet 
extending between the surface of the sheet, with the re- 
fractive index, in said region, varying with radial distance 
from the optical axis of each said lens. Published Inter- 
national Patent Applications WO92/16075 and 
WO91/18304, also incorporated herein by reference, 
disclose, respectively, the use of such a microlens 
screen in front of an LCD display for depixelating pur- 
poses and the use of such a screen in front of CRT 
screens, etc. for analogous purposes. It has been found 
that, in certain circumstances, the use of such a micro- 
lens screen in such context can result in a "halo" effect. 
Furthermore, with some photopolymer materials the mi- 
crolens screen results in a perceived "yellowing" of the 
viewed image. In order to avoid these disadvantages, 
and to provide improved contrast, it is proposed to in- 
corporate a dye into the photopolymer, or at least into 
the monomer prior to photopolymerisation. Preferably, 
the dye is neutral, in the sense that it merely serves to 
darken the material slightly without imparting any par- 
ticular hue to it. However, where it is found that the pho- 
topolymer material itself imparts a coloration to light 
passing through it, for example, tends to "yellow" the 
light passing through it, this may be compensated for by 
using a dye with a complementary hue so that the light 
passing through the finished product does not receive 
any particular coloration. The resulting photopolymer 
screen thus acts as a neutral density filter in addition to 
its light scattering, etc. properties. Thus, the addition of 
a small amount of neutral "grey" pigment is suggested. 

In one embodiment, in which the photopolymer lay- 
er is about 100 microns thick, the optical density of the 
resulting "neutral density filter" is around 0.3. The effect 
of the neutral density filtering is to reduce scatter from 
unwanted artefacts in the medium, such as photo-phase 
boundaries etc. In this regard, the effect is analogous 
with the techniques commonly used In the preparation 
of photographic emulsions where anti-halation dyes are 
used to depress grain scatter and increase resolution. 
A further effect of the neutral density filtering is to reduce 
the amount of ambient light scattered by the microlens 
screen towards the viewer and thus to increase the per- 
ceived contrast of the image. 

Where, in the finished product, the photopolymer is 
laminated with a plastics film, for example a MYLAR film, 
or is sandwiched between two such films, then such film 
or films, in addition to, or instead of, the photopolymer 
material, may incorporate the neutral density dye. 



A further technique (in accordance with the inven- 
tion) by which contrast may be improved in projection 
and other image presentation systems is described be- 
low. 

5 In this technique a contrast-enhancing deposit of a 
dark, for example black, medium is applied to a sub- 
strate, which substrate may itself be, for example, a rear 
projection or diffusing screen of plastics or glass (such 
as a photopolymeric graded refractive index screen of 
the type disclosed in EP-0294122, or a diffusing screen 
of the type disclosed in U.S. Patent No. 3658526 or EP 
0381 41 7 comprising particles of plastics of a first refrac- 
tive index embedded in a plastics matrix of a second 
refractive index, or an embossed plastics screen or even 
simply a ground glass plate). The substrate may, alter- 
natively, be a transparent sheet intended to be placed 
in front of, for example, a rear projection screen, c.r.t. 
display (such as a television tube screen or VDU), back 
lit LCD display) in order to combat loss of contrast due 
to reflected ambient light. The deposit is applied in such 
a manner that there are regions of the substrate which 
are covered by such deposit and regions which are free 
of such deposit. Any such distribution of the medium is 
herein referred to as a "pattern", but it should be appre- 
ciated that this term is not to be understood as being 
limited to patterns of regularly repeating pattern "cells" 
although the term is also intended to include such. For 
example, the medium may be deposited in a regular pat- 
tern of dots, in a pattern similar to that of a half-tone 
photographic screen, or in a grid of parallel lines, or as 
a random scattering of patches of the medium over the 
substrate. 

In preferred embodiments, the medium comprises 
a heat fusible polymer having an opaque dark pigment 
dispersed therethrough, and is placed upon the sub- 
strate in the desired pattern and subjected to heat (and 
preferably pressure) to fuse the medium and cause the 
medium to adhere to the substrate. The medium may 
comprise electrophotographic toner and may be applied 
directly to the substrate by an electrophotographic proc- 
ess, or may be applied to a transfer sheet by an elec- 
trophotographic process, (for example by photocopier 
or computer controlled laser printer, which, for the pur- 
poses of the present application is to be regarded as 
included in the term "electrophotographic printer"), the 
transfer sheet being subsequently applied to the sub- 
strate to which the pattern is to be applied, with the side 
of the transfer sheet bearing the toner deposit contact- 
ing the substrate, the transfer sheet being pressed 
so against the substrate whilst being subjected to heat, to 
fuse the toner and cause it to adhere to the substrate, 
and the transfer sheet subsequently peeled from the 
substrate. 

The medium to be applied to the substrate may, 
ss however, be applied to the substrate or to the transfer 
paper in some way other than by an electrophotographic 
process. For example, the medium may be incorporated 
in an inkwhich may be applied by a conventional printing 
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process to a transfer paper, or directly to the substrate, 
or may, for example be printed in the desired pattern on 
the transfer paper (or possibly directly onto a suitable 
substrate) using an ink-jet printer. 

Figure 9 of the accompanying drawings illustrates s 
a transfer sheet, in the form of a transfer paper 40, after 
a pattern of fused electrophotographic toner 42 has 
been applied thereto by an electrophotographic proc- 
ess. The transfer paper is preferably so constituted or 
treated that the adhesion of the toner 42 thereto is rel- 10 
atively low. Thus, the transfer paper may have, in man- 
ner known perse, a release coating on the side to which 
the toner is applied. Figure 10 illustrates the position af- 
ter the transfer paper 40 has been laid face-down upon 
the substrate 44 which is to receive the toner pattern, 15 
so that the toner is adjacent the surface of the substrate. 
The transfer paper 40 is then applied to the substrate 
under heat and pressure, (for example by passing the 
transfer paper and substrate together through the nip 
between heated pressure rollers 48), so that the toner 20 
is metted or fused once again and adheres to the sub- 
strate in the same pattern. Figure 11 illustrates the trans- 
fer paper 40 being peeled from the substrate 44 leaving 
the toner adhered to the substrate 44, the toner being 
preferentially released from the transfer paper. 2s 

Any transfer paper which will receive toner and al- 
low transfer of such toner to a substrate can be used, 
such as the transfer papers available from Rexham, 
Kimberly Clark or 3M. The toner pattern used typically 
consists of small black dots 5-50 urn in size arranged in 30 
a random pattern and of sufficient density to achieve no 
more than the degree of contrast improvement required. 
Alternatives are regularly patterns, fine lines or stripes, 
possibly arranged as a pattern, e.g. honeycomb, al- 
though regular patterns require a more careful detailed 35 
design when used in conjunction with pixel based pro- 
jection systems. 

The contrast-enhancing pattern is advantageously 
laid down on the release side of the transfer paper using 
an electrophotographic printer or copier, such as a high- 40 
resolution machine such as the Xeikon DCP-1 or the Ag- 
fa Chromapress, although any other machine which is 
capable of producing contrast-enhancing patterns with 
the required clarity can be used. 

The primary requirement for the toner used is that 45 
the toner can adhere to the transfer paper, and transfer 
and adhere to the substrate. 

For most applications contrast will be achieved us- 
ing a black, blue or grey toner, or a combination of these. 
The toners may be based on styrene/acrylic or polyester so 
resins having a pigment, for example carbon black, dis- 
persed therethrough. However, in practice the "toner" 
could be in a solid form (as used in the above equip- 
ment) or a liquid. Regardless of the method, the material 
deposited on the surface of the substrate comprises f u- ss 
sible polymer and pigment plus other ingredients neces- 
sitated by the overall process (for example according to 
whether the process uses liquid toner, solid, polymer 



based hot-melt toner or ink-jet printers). 

The transparent or translucent substrate must be 
capable of accepting the toner pattern from the transfer 
paper under the necessary transfer conditions, i.e. it has 
to be able to withstand the heat required to transfer the 
pattern. In practice, electrophotographic toners are cur- 
rently commercially available which have low melting 
points, e.g. 100°C or lower, so that this requirement for 
the substrate is not particularly restrictive. For commer- 
cial applications the toner should adhere permanently 
to the substrate so the contrast-enhancing pattern does 
not abrade or otherwise wear off over long periods of 
use. Exemplary substrates are transparent or translu- 
cent glass; or polymeric diffusive materials such as dis- 
closed above. Suitable polymeric diffusive materials in- 
clude materials based on, for example, acrylics, poly- 
carbonates and polyolefins and photopolymers such as 
those provided by Du Pont, Polaroid and others, and 
other polymers with appropriate optical properties. 

The contrast-enhancing pattern may be formed di- 
rectly on the substrate using coloured electrophoto- 
graphic toner deposited onto the substrate using an 
electrophotographic process. For example, a flexible, 
heat-stable polymeric diffusive sheet material in roll 
form may be fed directly into a Xeikon-type high resolu- 
tion electrophotographic printer to produce large vol- 
umes of contrast-enhanced diffuser. For substrates 
which cannot be so processed, e.g. brittle glass or par- 
ticularly heat-sensitive polymers, or substrates which 
are simply too stiff or thick to pass through the electro- 
photographic printer available, the transfer paper meth- 
od may be used. 

The features disclosed in the foregoing description, 
in the following claims and/or in the accompanying 
drawings may, both separately and in any combination 
thereof, be material for realising the invention in diverse 
forms thereof. 



Claims 

1 . A method of forming a microlens screen, as herein 
defined, comprising the steps of > 

(a) providing a first layer of a photopolymerisa- 
ble monomer which is tacky in its monomeric 
form and non-tacky in its polymerised form, 

(b) exposing said first layer to polymerising light 
in a pattern with localised variation in intensity 
of illumination and allowing consequent selec- 
tive polymerisation of said first layer, 

(c) applying to an exposed surface of said first 
layer a printing medium comprising an opaque 
pigment layer on a supporting stratum so that 
said pigment layer is brought into direct contact 
with said exposed surface of said first layer, and 
adheres to the un polymerised and therefore 
still tacky regions of said first layer, the pigment 
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layer having minimal tensile strength and being 
only weakly bonded to said supporting stratum, 
the supporting stratum being thereafter pulled 
away from the said first layer leaving the pig- 
ment still adhering to said tacky regions but car- s 
rying with said supporting stratum the pigment 
previously contacting the non-tacky photopoly- 
merised regions. 

A method according to claim 1 in which, after the to 
supporting stratum has been pulled away from said 
first layer leaving the pigment still adhering to said 
tacky regions, there is applied to the surface of the 
first layer bearing said pigment a second layer of 
said photopolymerisable monomer, the surface of f5 
said second layer remote from said first layer being 
left unconstrained, the method further including ex- 
posing said second layer through said first layer and 
thus through the printed pigment pattern now locat- 
ed between said second monomer layer and said 20 
first layer, whereby said pigment pattern acts on an 
optical printing mask with respect to said second 
layer, whereby said second layer is selectively pol- 
ymerised and the exposed surface of said second 
layer caused to adopt a corresponding surface pat- 2s 
tern or configuration. 

A method of forming a microlens screen, as herein 
defined, comprising the steps of:- 

30 

(a) providing a first layer of a photopolymerisa- 
ble monomer which is tacky in its monomeric 
form and non-tacky in its polymerised form, 

(b) printing on said first layer, in an opaque pig- 
ment a predetermined pattern, 35 

(c) exposing said first layer to polymerising light 
through said pigment pattern to subject the un- 
derlying photopolymerisable layertoa light pat- 
tern with corresponding localised variation in 
intensity of illumination and allowing conse- *o 
quent selective polymerisation of said first lay- 
er, 

(d) applying to the thus printed surface of the 
first layer a second layer of said photopolymer- 
isable monomer. *s 

A method according to claim 3 in which said second 
layer of photopolymerisable material is exposed 
through said pigment pattern, the surface of said 
second layer remote from said pigment pattern be- so 
ing left unconstrained, whereby said second layer 
is selectively polymerised and the exposed surface 
of said second layer caused to adopt a correspond- 
ing surface pattern or configuration. 

55 

A light-transmitting photopolymerisable material in- 
corporating a light-filtering dye or dye mixture. 



6. A material according to claim 5 in which the dye (or 
mixtures of dyes) is neutral in colour, so that, the 
effect of the dye is merely to attenuate the light 
passing through the material without preference to 
any particular colour or range of colours. 

7. A screen which is formed by selective polymerisa- 
tion of a light-transmitting photopolymerisable mon- 
omer incorporating a light-filtering dye or dye mix- 
ture, by exposing the monomer to a pattern of illu- 
mination with localised variations in intensity of illu- 
mination, to produce corresponding localised vari- 
ations in the degree of polymerisation and hence to 
produce corresponding variations in refractive in- 
dex and/or localised variations in thickness of the 
sheet or in relief height of one or both surfaces of 
the sheet. 

8. A method of imparting contrast enhancement prop- 
erties to a transparent or translucent substrate, 
comprising the steps of 

(a) providing a transfer medium; 

(b) producing a contrast-enhancing pattern on 
a face of said transfer medium; 

(c) contacting said contrast-enhancing pattern 
with a transparent or translucent substrate, and 

(d) transferring said contrast-enhancing pat- 
tern to said transparent or translucent sub- 
strate. 

9. A method according to claim 8 wherein said con- 
trast enhancing pattern is formed by a fusible poly- 
mer incorporating a dye or pigment and said step 
of transferring is effected by applying heat and pres- 
sure. 

10. A method according to claim 9 wherein said fusible 
polymer incorporating dye or pigment comprises 
electrophotographic toner and is applied to said 
transfer medium by an electrophotographic proc- 
ess. 

11. A transparent or translucent substrate having a con- 
trast enhancing pattern on at least one face thereof, 
said contrast enhancing pattern formed from a fusi- 
ble polymer incorporating a pigment or pigments, 
said plastics being adhered to said face of the sub- 
strate. 

12. A transparent or translucent substrate according to 
claim 1 1 in which said pattern is formed from elec- 
trographic toner 

13. A transparent or translucent substrate according to 
claim 11 in which said pattern is formed from ink-jet 
medium containing pigment. 
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Fig. 10. 
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